This study investigates the relationship between R&D expenses and profitability for a panel of U.S. firms in the energy sector. The analysis, spanning the period 1990-2011, differentiates the energy sector into two groups: firms that sell fossil energy sources to generate electricity and firms that sell renewable energy sources to generate electricity. The empirical findings show that R&D expenses have a stronger impact on profitability in the group of firms that sell renewable energy sources.
Introduction
This study investigates the relationship between R&D expenditures and profitability for firms in the energy sector. Considerable attention has been devoted to the relationship between R&D expenses and profitability. Roberts (2001) provides empirical evidence relative to the argument that as firms innovate, they generate new products across markets. In this manner, they enjoy a temporary monopolistic status, given that they are the only providers of such new products. According to the classical economic theory, the presence of profits in a product market, motivates external firms to enter the market (i.e., to enjoy those profits) and, thus, drive the market back to the equilibrium position, while excess profits disappear. However, the only way though which firms could continue experiencing persistent profits is either by continuing their innovation activities or by limiting their competitors' access to imitate their products by reinforcing the barriers to entry. For a great number of firms this goal can be achieved only through the protection patents offer. This paper focuses on firms in the energy sector. Large energy firms spend a significant amount of money to have access in the inventories of oil, coal and gas or in renewable energy sources. These firms spend lots of money on R&D to achieve technological innovations that will make them more competitive. Over the last years, there have been significant changes in the energy sector. As the oil, coal and gas stocks are continuously depleting, more firms turn to renewable energy sources. In order to maintain efficient production standards they increase their spending on R&D. The strategy of this paper is to identify in which sector (i.e., traditional firms that sell fossil energy vs new energy firms that sell renewable energy) the relationship between R&D expenses and profitability is stronger, implying that investments in new technology related to energy lead to higher profits.
The remainder of this paper is organized as follows: Section 2 presents a brief review of the literature, while Section 3 displays the methodology followed. Section 4 presents the data used, while Section 5 reports the empirical results. Finally, Section 6 concludes the paper.
Literature Review
Firm profitability is usually measured through market value (Shah, 2008; Ehie, 2010; Chan, 2001 ). According to Chan (2001) , "The market value of a firm's shares ultimately reflects the value of all its net assets." Chan (2001) argues that the association between the firm's market value and its tangible assets can be easily determined. By contrast, the nexus between that market value and its intangible assets is somewhat harder to be determined.
Moreover, Branch (1974) investigates seven industries and finds that changes in R&D expenses are significantly associated with firms' profitability, while Schoeffler (1977) determines that high R&D expenses are negatively associated with that profitability only in the case of rapidly growing markets. At the same time, R&D expenses turn to have a positive impact on the firms' performance only in the case that those firms have already established a strong position in the market and/or in their sector.
A number of studies show that R&D expenses have a consistent and positive effect on the profitability of a firm (Chan, 2001; Roberts, 2001; Shah, 2008; Ehie, 2010; Pindado, 2010) . Shah (2008) makes use of a sample of U.K. manufacturing firms over the period 1998 to 2002; his empirical findings provide strong support for a positive association between R&D expenses and market values. Rzankhanov (2004) focuses on biotech firms. His empirical findings provide support to the presence of a positive relationship between patents and market values. Moreover, his results document that biotech firms tend to be more successful in their R&D efforts and for that reason they are valued higher than firms that fail to display a strong R&D record. Pindado (2010) argues on how a number of idiosyncratic firms' characteristics could affect the association between R&D expenses and firm values. His empirical findings highlight that although firms' size and stock prices display a positive association with R&D expenses, there are specific factors, such as external financial dependence, capital intensity, labor intensity, and free cash flows that display a negative association with R&D expenses.
A different strand in the literature points out that as R&D expenses increase, returns volatility follows the same path (Chan, 2001; Shah, 2008; Ehie, 2010) . According to Chan (2001) , returns show no differentiation for firms that spend highly or not on R&D, implying that R&D expenses do not affect a firm's performance. Chan (2001) concludes that with respect to firms with low R&D spending, in case they decide to spend more they may experience higher returns volatility.
Methodological Issues
The empirical goal of this paper is to investigate the associaiton between R&D expenses and profitability for a number of U.S. firms in the energy sector. To this end, we split the energy sector into two groups: traditional energy firms (i.e., they sell fossil energy) and energy firms that sell renewable energy. The justification for this splitting lies on our query to figure out in which group of energy firms the relationship between R&D expenses and profitability is stronger. The estimated equation yields:
where ROA is the returns to asset profitability measure of each firm at the end of the financial year, sales defines sales revenues, RD represents R&D expenses and CF shows free cash flows, i = 1, …, N for each firm in the panel and t = 1, …, T refers to the time period. The parameter α i allows for firm-specific fixed effects. Finally, ε it denotes the estimated residuals which represent deviations from the long-run relationship. Our main research hypothesis is that R&D expenses have a positive impact on profitability, while this impact turns out to be stronger for those energy firms that sell renewable energy. According to theoretical arguments, free cash flows may have both a positive and a negative effect on market values. Pindado (2010) argues that cash flows are expected to have a negative impact on market values; his argument is based on the documentation that when firms experience high levels of cash flows, they use this type of funding for projects with a negative net present value, implying that these firms tend to undertake higher risks. By contrast, Chauvin and Hirschey (2001) show that cash flows have a positive impact on firms' market values.
Data
We collect quarterly data on returns to assets (ROA), returns on equity (ROE), R&D expenses (RD), capitalization (CAP), and free cash flows (CF) from energy firms that sell fossil energy and energy firms that sell renewable energy from the U.S. energy sector spanning the period 2000-2012. These data were obtained from the Bloomberg database. Fossil energy sources include energy from oil, coal, gas and nuclear power sources, while renewable energy sources include energy from hydropower, geothermal, solar, wind, biomass and biofuels. Our sample includes 183 firms, of which 39 are firms that sell fossil energy and 144 are firms that sell all types of renewable energy. The list of fossil and renewable energy firms can be found in Appendixes I and II, respectively. Finally, data are transformed in logarithms.
Empirical Analysis

Panel Unit Root Tests
There is a variety of panel unit root tests which include Levin et al. (2002) , Im et al. (2003) and Fisher -ADF and Fisher -PP (Maddala & Wu, 1999) . The results for fossil firms and renewable energy firms are reported in Tables  1 and 2 , respectively. The results point out that the hypothesis that the levels of all the variables under study www.ccsenet.org/ijef International Journal of Economics and Finance Vol. 6, No. 3; 2014 contain a unit root is accepted at the 1% significant level across all tests. By contrast, when the tests are applied on the first differences, the results display that the unit root hypothesis is rejected. 
Panel Cointegration Tests
Next, we make use of the Pedroni (1999; heterogeneous panel cointegration testing approach to determine whether a long-run equilibrium exists. Based on Pedroni's (1999; panel cointegration tests, i.e. the within dimension approach which includes four statistics as well as the group mean tests, i.e. the between dimension approach which includes three statistics, the empirical findings, reported in Table 3 , reject the null hypothesis of no cointegration at the 1% significance level across all seven tests statistics. 
Panel Cointegration Estimates
Next, the Fully Modified OLS (FMOLS) methodological approach is employed to determine the long-run equilibrium. As reported in Table 4 , the results show that the coefficient of R&D expenses is positive and statistically significant at the 1% level. In particular, a 1% increase in R&D expenses increases profitability measured by ROA by 0.36%, for firms in the fossil energy sector, while for firms in the renewable energy sector we get that a 1% increase in R&D expenses leads to 0.74% percent in profitability. These findings imply that R&D expenses exert a stronger effect in profitability in the renewable energy sector, indicating the dominant role of such R&D investments in renewable energy. Finally, a number of model diagnostics indicates that the long-run estimates do not suffer from serial correlation (LM test), heteroscedasticity (HE test), and model misspecification (RESET test). In both cases, the control variable of cash flows turns out to have a positive and statistically significant effect on profitability.
Robustness Tests: Alternative Definitions of Profits
We replicate the above analysis for robustness purposes by using ROE as a proxy for profitability. The new results are reported in Table 5 . These new findings confirm the robustness of the results reached in sub-section 5.3, indicating that R&D expenses exert (again) a stronger effect on renewable energy firms' profitability vis-à-vis its counterpart of fossil energy firms. In particular, a 1% increase in R&D expenses increases profitability by 0.32% in the case of fossil energy firms and by 0.66% in the case of renewable energy firms, supporting the argument that R&D expenses are characterized by higher value added technological advances in the renewable energy firms. 
Robustness Tests: The Role of the Firm Size
The relationship between firm size and innovation is important for policy reasons. The competitive advantage in innovation for large firms is often highlighted in political discussions on the international competitiveness of small firms. Many governmental strategies are targeting small and medium-sized enterprises in order to help them to overcome their barriers for innovation. Further, Symeonidis (1996) suggests that this argument has policy implications for antitrust policies. If large firms possess more of the characteristics that lead them onto a higher innovation level, then increased competition or antitrust legislations could potentially tamper the technological progress. He highlights the relevance of his arguments claiming that they depend on whether such a hypothesis on the relationship between firm size and innovation holds.
A large amount of research has been formulated to examine the relationship between firm size and innovation, but no consensus has emerged. Most of the early research examines the role of size in R&D only using datasets for the U.S. Majumdar (2011) uses panel data on Indian firms to examine the effect of firm size on R&D expenses. He does not find a significant effect of firm size on R&D spending. This indicates that both small and large firms are just active in innovation. This part of the empirical analysis replicates the estimations by using an interaction term between capitalization and R&D expenses as an additional control variable. The new results are reported in Table 6 . The results document the importance of firm size for R&D expenses as well as for firms' profitability. In particular, larger firms in both groups incur higher R&D spending, but the impact on profitability is stronger if these larger firms come from the renewable energy group.
Conclusions
This paper provided evidence in favor of a strong relationship between R&D expenses and firms' profitability for the energy sector in the U.S. and for firms that sell fossil energy and firms that sell renewable energy. The results documented that R&D expenses have a stronger impact on profitability in the latter group of firms. The findings remained robust after considering alternative profitability measures and the role of firm size. The interpretation of these results is that they are a sign of the importance of renewable energy and the money spend on R&D in this group of firms has higher value added in sold renewable energy. Moreover, fossil energy firms' technological innovations are slow to play a substantial role in their profitability, given the pressure on maintaining a clean environment.
Our results have implications for policy makers. In particular, a key issue is that of crowding out, in a sense that substantial increases in energy (and mostly in green technologies) R&D may come at a high cost, as these research efforts may draw away research funding and scientists from other productive sectors. However, crowding out effects appear to affect 'dirty' (i.e., in fossil energy sources) technologies. Thus, policies enhancing research incentives for green technologies have the additional desired effect of reducing incentives for research on 'dirty' technologies such as fossil fuels. However, investment in exploration of alternative fuels sources dwarfs investment in non-fossil alternative energy. Therefore, fossil fuel technologies may emerge the winners in the race for future energy. The risk from such a scenario is an increase in GHG emissions with its attendant implications for anthropogenic climate change. Policies that compensate for GHG benefits and for fuel security will improve the economics of renewable energy sources. Improvements in production efficiency of renewable energy will reduce competition to resources and improve the outlook for renewable energy. The renewable energy revolution is in its infancy and the future is uncertain, but policies can play an important role in delivering a sustainable renewable energy future. The economic principles we laid out will also be relevant in the future.
